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(57)Abstract: 

PURPOSE: To protect a semiconductor element and the like against 
fracture by suppressing the pressure drop at the time of feeding 
refrigerant. 

CONSTITUTION: A plurality of grooves 2 are made in the main surface of a 
substrate 1 thus constituting a plurality of fins 7. The top face of the fin 7 
is set lower than the peripheral part of the substrate 1 , for example, and a 
gap is provided between the main face of the substrate 1 and the opposing 
face of a cover plate 3 having through holes 4, 5 applied entirely thereto 
thus enlarging the channel area when the region, formed between the 
substrate 1 and the cover plate 3, is utilized as a channel for refrigerant. 
This constitution realizes a cooling unit in which the pressure drop can be 
suppressed at the time of feeding refrigerant. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] A substrate and the cover plate attached in one [ at least ] principal plane side of this substrate, The 1 st 
breakthrough perpendicularly penetrated to said substrate formed in this cover plate as a refrigerant feed hopper, The 
2nd breakthrough perpendicularly penetrated to said substrate formed in said cover plate as a refrigerant exhaust port is 
provided. A concavo-convex configuration is formed at least in one side among the opposed faces of said substrate or 
said cover plate. The cooling system characterized by using the field which a gap is formed between the opposed faces 
of either a part or all of heights that constitutes this concavo-convex configuration, said substrate or said cover plate, and 
is formed between said substrates and said cover plates as refrigerant passage. 



[Translation done.] 
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damages caused by the use of this translation* 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the cooling system for cooling the semiconductor device carried in the 

substrate. 

[0002] 

[Description of the Prior Art] In recent years, the technical progress of a semiconductor device has the strong request of 
the miniaturization of**** better ** and various fields to a semiconductor device, and high integration especially 
recently. In order to respond to this request, it is necessary to solve the problem about abatement of the heat generated 
within a semiconductor device, and the following cooling systems are proposed in it. 

[0003] The example of the conventional cooling system is explained to it, referring to drawing 9 to below. DrawingJ? 
shows the outline of the conventional cooling system, and drawing.9 (a) is [ an appearance perspective view and 
drawi ng 9 (c) of a decomposition perspective view and drawing 9 (b) ] fragmentary sectional views (A-A sectional 
view). 

[0004] As shown in drawing, two or more slots 2 are established in principal plane la of 1 of the semi-conductor 
substrate 1, and the semiconductor device 6 is formed in other principal plane lb of the semi-conductor substrate 1. As a 
slot 2 leaves the periphery section of principal plane la of 1, it is mostly established in parallel at the predetermined 
spacing. 

[0005] Moreover, on principal plane la of 1 of the semi-conductor substrate 1, it corresponds to the both ends of each 
[ that / that the cover plate 3 was stretched so that the whole surface might be covered mostly, and was described above 
to this cover plate 3 ] slot 2, and the breakthroughs 4 and 5 prolonged in the direction which intersects perpendicularly 
with the longitudinal direction of each slot 2 are formed. Connection covering (graphic display abbreviation) is attached 
in these breakthroughs 4 and 5, and it connects with different refrigerant passage (graphic display abbreviation) as a 
refrigerant feed hopper and a refiigerant exhaust port, respectively. And the refHgerant supplied to the refrigerant 
passage of 1 fi-om the refrigerant supply source (graphic display abbreviation) flows fi"om the refrigerant passage of 1 to 
one breakthrough 4, and it is sent in so that it may be distributed to the end of two or more slots 2 established in the 
semi-conductor substrate 1 here. The sent-in refiigerant flows the inside of each slot 2 to an other end side, is collected 
by the breakthrough 5 of another side, and is sent out to other refiigerant passage. Thus, the semiconductor device 6 
prepared in other principal plane lb is cooled by pouring a refiigerant there by making into refrigerant passage two or 
more slots 2 established in the principal plane of 1 of the semi-conductor substrate 1. 

[0006] However, in the above-mentioned conventional technique, the passage cross section of each refiigerant passage 
constituted by two or more slots 2 is dramatically small, and the pressure loss at the time of passage die length pouring a 
refiigerant from a******** comparatively becomes large. Therefore, it was hard coming to flow in the inside of 
refrigerant passage, and the predetermined cooling engine performance was not obtained, therefore the semiconductor 
device was destroyed, and the refrigerant had fear. 

[0007] As mentioned above, although the cooling system of a semiconductor device was explained, this problem is 
common in the cooling system used not only for a semiconductor device but for the heating element which needs other 
electronic parts or cooling. 

[0008] Next, the conventional technique about the moxinting structure of the cooling system for cooling a semiconductor 
device is explained. Drawing 10 is the sectional view having shown the mounting structure of the conventional cooling 
system. Conventionally, by forcing the metal stud 33 on the rear face of a semiconductor chip 3 1 in which the 
semiconductor device was carried with a spring 32, the heat generated with the semiconductor chip 3 1 was told from the 
metal stud 33 to the heat-conduction plate 34, and it was cooUng with the refiigerant 35 eventually. 
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[0009] However, the cooling system w^^onsists of metal stud 33 grade in this c^|k)mpared with the magnitude of 
a semiconductor chip became big structure; and trouble was caused to miniaturizatiSR^the whole electronic 
equipment. 
[0010] 

[Problem(s) to be Solved by the Invention] With the conventional cooling system, as explained above, since the pressure 
loss at the time of pouring a refrigerant was large, the predetermined cooling engine performance was not obtained but 
there was a possibility that a semiconductor device etc. might be destroyed. Then, while removing this fault, reducing 
the pressure loss at the time of pouring a refrigerant in this invention and offering the cooling system in which 
destructive prevention of a semiconductor device etc. is possible, it aims at offering collectively the mounting structure 
of the cooling system which enables miniaturization of the whole electronic equipment. 
[0011] 

[Means for Solving the Problem] The cover plate attached in one [ at least ] principal plane side of a substrate and this 
substrate in this invention in order to attain the above-mentioned object, The 1st breakthrough perpendicularly 
penetrated to said substrate formed in this cover plate as a refrigerant feed hopper. The 2nd breakthrough 
perpendicularly penetrated to said substrate formed in said cover plate as a refrigerant exhaust port is provided. A 
concavo-convex configuration is formed at least in one side among the opposed faces of said substrate or said cover 
plate. The cooling system characterized by using the field which a gap is formed between the opposed faces of either a 
part or all of heights that constitutes this concavo-convex configuration, said substrate or said cover plate, and is formed 
between said substrates and said cover plates as refrigerant passage is offered. 
[0012] 

[Function] By forming a gap between the heights which constitute this concavo-convex configuration, and the opposed 
face of a cover plate, when according to the configuration of above-mentioned this invention a concavo-convex 
configuration is formed in the principal plane side of 1 of a substrate and a cover plate is attached in a substrate, for 
example Since the flow passage area at the time of using the field formed between said substrates and said cover plates 
as refrigerant passage is expandable, the pressure loss at the time of a refrigerant flowing can be reduced. Moreover, 
compact mounting of a cooling system is realizable by using the cooling system conceming this invention. 
[0013] 

[Example] The example of this invention is explained to a detail, referring to a drawing. Here, although the cooling 
system of a semiconductor device is explained, this invention is not limited in this case, but can mainly be applied also 
to the various heating elements which need other electronic parts or cooling. 

[0014] Drawing 1 and drawing 2 show the 1st example of the cooling system conceming this invention. It is the 
fragmentary sectional view in which drawing 1 (a) showed the decomposition perspective view, and an appearance 
perspective view, drawing 2 (a), or (d) showed the A-A cross section of drawin g 1 (b) as for d rawing 1 (b). Here, 
suppose that the same number is attached about the part which has the same part as the part shown in drawing 9 , or the 
same function. 

[0015] The cooling system conceming this example constitutes two or more fins 7 by forming two or more slots 2 in 
principal plane la of 1 of the substrate 1 of the rectangle whose one side is about 15mm by well-known technique, such 
as chemical etching. The depth is set as about 300 micrometers for width of face by about 50 micrometers, and each slot 
2 is mostiy formed in parallel for the slot 2 at equal intervals. The periphery section of a substrate 1 leaves and it is 
made for height to become low rather than this periphery section here, as the top face of a fin 7 is shown in drawing 1 
(a). 

[0016] Moreover, a cover plate 3 is stretched and breakthroughs 4 and 5 are formed in this cover plate 3 so that that 
whole surface may be covered on principal plane la of 1 of a substrate 1. Connection covering (graphic display 
abbreviation) is attached in these breakthroughs 4 and 5, and it connects with different refrigerant passage (graphic 
display abbreviation) as a refrigerant feed hopper and a refiigerant exhaust port, respectively. And the refrigerant 
supplied to the refrigerant passage of 1 from the refrigerant supply source (graphic display abbreviation) is sent into one 
breakthrough 4 from the refiigerant passage of 1, and is sent out to other refrigerant passage from the breakthrough 5 of 
another side through the field between a substrate 1 and a cover plate 3. Thereby, the semiconductor device 6 prepared 
on other principal plane lb of a substrate 1 is cooled. 

[0017] Drying 2 is the fragmentary sectional view showing the field between a substrate 1 and a cover plate 3, i.e., the 
cross section of the refiigerant passage established in the cooling system. In the cooling system conceming this 
example, as shown in drawing 2 (a), reduction of the pressure loss at the time of a refiigerant flowing is in drawing by 
preparing a fixed gap between the top face of a fin 7, and a cover plate 3, connecting the minute refiigerant passage 
constituted by two or more slots 2, and expanding a flow passage area, for example. In order for this to come to flow 
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smoothly the inside of the refrigerant pi^H^ where the refrigerant was prepared in^|fccooling system and to 
demonstrate sufficient cooling effect, a^^of the semiconductor device which is aiWject for cooling being destroyed 
also disappears. 

[0018] Drawing 2 (b) thru/or (d) show the modification of the refiigerant passage shown in above-mentioned drawing. 2 
(a). The top face contacts a cover plate 3, and you may make it classify refrigerant passage into some like fin 7b, as it is 
necessary to prepare not all the gaps between the top face of a fin 7, and a cover plate 3 about a fin 7 and is shown in 
drawing 2 (b). In this case, although some pressure loss increases, if compared with the former, that value can be 
reduced and desired effectiveness can be acquired. Moreover, as shown in drawing 2 (c), the height of a fin 7, i.e., the 
gap between the top face of a fin 7 and a cover plate 3, may not be fixed, and it is good also as a configuration which 
changed height suitably like Fins 7a and 7c. Drawing 2 (d) combines (c) with (b), and an operation and effectiveness 
with the same said of such a configuration are acquired. 

[0019] In addition, although the fin 7 is formed by establishing a slot 2 in a substrate 1 side in this example, even if it 
prepares this in a cover-plate 3 side, the same effectiveness is acquired too. Moreover, the semiconductor device 6 
which needs cooling may be formed in a cover-plate 3 side. 

[0020] Drawing 3 shows the 2nd example of the cooling system conceming this invention. Drawing .3 (a) is a 
decomposition perspective view, and drawing 3 (b) is an appearance perspective view. Here, about the part which has 
the same part as the part shown in drawing 1 , or the same function, duplication explanation is omitted by attaching the 
same number. This example adds amelioration to the cover plate 3 in the 1 st example. That is, in order to form the feed 
hopper and exhaust port of a refidgerant in a cover plate 3, breakthroughs 4a, 4b, and 5 are formed in three places. If the 
breakthroughs 4a and 4b located in the ends side of a cover plate 3 among this breakthrough are applied as a refrigerant 
feed hopper, the supplied refrigerant will flow toward a core from the periphery section of a substrate 1 . And a 
refrigerant can be discharged near the core of a substrate 1 by applying the remaining breakthroughs 5 as a refrigerant 
exhaust port. In addition, about the configuration of the fin 7 prepared on the substrate 1, since it is the same as that of 
the 1st example (refer to drawing 2 ), duplication explanation is omitted here. 

[0021] According to the above configurations, since the die length of refrigerant passage can be managed with the 
conventional one half, it becomes possible to reduce pressure loss further in addition to the 1st example. Therefore, 
construction of a cooling system with more high cooling effectiveness is attained. 

[0022] On the other hand, with the above, even if it supplies a refrigerant from near the core of a substrate 1 to reverse 
and makes it discharge from the periphery section of a substrate 1 conversely by using as a refrigerant feed hopper the 
breakthrough 5 located near the core of a cover plate 3, and using the remaining breakthroughs 4a and 4b as a 
refrigerant exhaust port, the same operation and effectiveness as the above are acquired. 
[0023] Drawing 4 shows the 3rd example of the cooling system conceming this invention. Drawing 4 (a) is a 
decomposition perspective view, and drawing 4 (b) is an appearance perspective view. Here, about the part which has 
the same part as the part shown in drawing J , or the same fimction, duplication explanation is omitted by attaching the 
same number. This example adds amelioration to the both sides of the substrate 1 in the 1st example, and a cover plate 
3. this example - setting - slot 2a of a substrate 1 which became independent with the bridge wall 8 in the center 
mostiy, and 2b - preparing - refrigerant passage - the 1st example ~ it is considering as the half die length mostiy. In 
order to form the feed hopper and exhaust port of a refiigerant in a cover plate 3 corresponding to this. Breakthroughs 
4a, 4b, 5a, and 5b are formed in four places. That is, two breakthroughs are located respectively every two fields divided 
with the bridge wall 8 among these breakthroughs, and a refiigerant feed hopper and another side are applied for one of 
these as a refrigerant exhaust port. For example, if the breakthroughs 4a and 4b prepared in the ends side of a cover 
plate 3 are applied as a refrigerant feed hopper, a refrigerant will flow toward a core from the periphery section of a 
substrate 1 . And a refrigerant can be discharged near the core of a substrate 1 by applying the breakthroughs 5a and 5b 
of another side as a refrigerant exhaust port. In addition, about the configuration of the fins 7a and 7b prepared on the 
substrate 1, since it is the same as that of the 1st example (refer to drawing 2 ), duplication explanation is omitted here. 
[0024] According to the above configurations, like the 2nd example, since the die length of refrigerant passage can be 
managed with the conventional one half, it becomes possible to reduce pressure loss further in addition to the 1st 
example. 

[0025] A refrigerant is supplied from near the core of a substrate 1 to reverse, and you may make it discharge from the 
periphery section of a substrate 1 conversely with the above on the other hand by using as a refrigerant feed hopper the 
breakthroughs 5a and 5b located near the core of a cover plate 3, and using the remaining breakthroughs 4a and 4b as a 
refiigerant exhaust port. Moreover, supply a refiigerant from breakthrough 4a (4b) of the periphery section of a 
substrate 1, and it is made to discharge from breakthrough 5a near the core of a substrate 1 (5b), and it supplies 
reversely from breakthrough 5b near the core of a substrate 1 (5a), and you may make it discharge from breakthrough 4b 
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(4a) of the periphery section of a substjBjl in the field of another side in one field. 

[0026] Drawing 5 and drawing 6 show t^^th example of the cooling system conceH^ this invention. It is the 
fi*agmentary sectional view in which drawin g 5 (a) showed the decomposition perspective view, and an appearance 
perspective view, drawing 6 (a), and (b) showed the A-A cross section of drawi ng 5 (b) as for drawin g 5 (b). Here, 
suppose that duplication explanation is omitted by attaching the same number about the part which has the same part as 
the part shown in drawi ng 1 , or the same fimction. 

[0027] As opposed to having set in the 1st example and the mainstream direction of the refiigerant in a cooling system 
and the longitudinal direction of a slot 2 and a fin 7 having been in agreement in this example As a configuration 
prolonged in the same direction as the longitudinal direction of the slot 2 where the breakthroughs 4 and 5 prepared in 
the cover plate 3 are formed on a substrate 1, and a fin 7, the mainstream direction of the refiigerant in a cooling system 
is constituted so that it may intersect perpendicularly with the longitudinal direction of a slot 2 and a fin 7. For this 
reason, in case a refiigerant flows the inside of refiigerant passage, with a fin 7, the disturbance of the flow is carried out 
and a heat transfer property improves. Moreover, as shown in drawing 6 (a) and (b), in this example, it is necessary to 
prepare a gap between the top face of all the fins 7, and a cover plate 3. However, tiie gap may not be fixed and is good 
also as a configuration which changed height suitably like Fins 7a and 7b. In addition, about other operation and 
effectiveness, it is the same as that of the 1st example. 

[0028] Drawing .7 shows the 5th example of the cooling system conceming this invention. Drawing 7 (a) is a 
decomposition perspective view, and drawing 7 (b) is a fi-agmentary sectional view. In this example, two or more fins 
17a and 17b are constituted by forming two or more slots 12a and 12b in both the principal planes of the medium plate 
1 1 equivalent to the substrate 1 in the 1st example by well-known technique, such as chemical etching. Each slots 12a 
and 12b are mostly formed in parallel at equal intervals. The periphery section of a medium plate 1 1 leaves and it is 
made for height to become low rather than this periphery section here, as the top face of Fins 17a and 17b is shown in 
drawing 7 (a) and (b). 

[0029] On both the principal planes of a medium plate 11, since cover plates 13a and 13b are stretched and the feed 
hopper and exhaust port of a refiigerant are constituted in these cover plates 13a and 13b so that the whole surface may 
be covered, 14b and 15b are prepared at breakthrough 14a and 15a list, respectively. Moreover, the semiconductor 
device 16 is formed on the principal plane connected to the medium plate 1 1 of cover-plate 13a, and the principal plane 
of an opposite hand. 

[0030] A refiigerant can be made to flow in this example, to the refiigerant passage prepared between both the principal 
planes of a medium plate 1 1, and cover plates 13a and 13b by applying breakthrough 15of breakthrough 14a and cover- 
plate 13b of cover-plate 13a b as a refiigerant feed hopper, and, for example, applying the remaining breakthroughs 15a 
and 14b as a refiigerant exhaust port, so that it may become a countercurrent flow. Thereby, the temperature gradient of 
the flow direction of a refiigerant is eased and it becomes possible to equalize the temperature distribution of the cooling 
systems. 

[0031] Moreover, reduction of the pressure loss at the time of a refiigerant flowing is in drawing by preparing a fixed 
gap like each above-mentioned example, between the top face of Fins 17a and 17b, and cover plates 13a and 13b, as 
shown in drawing 7 (b), connecting the minute refiigerant passage constituted by two or more slots 12a and 12b, and 
expanding a flow passage area. In order for this to come to flow smoothly the inside of the refiigerant passage where the 
refiigerant was prepared in the cooling system and to demonstrate sufficient cooling effect, a fear of the semiconductor 
device which is an object for cooling being destroyed also disappears. 

[0032] In addition, although the semiconductor device 16 is formed only in one cover-plate 13a, a semiconductor device 
is prepared also on the principal plane connected to the medium plate 1 1 of cover-plate 13b of another side, and the 
principal plane of an opposite hand, and you may make it cool simultaneously in drawing 7 . Moreover, it is possible to 
consider the configuration of Fins 17a and 17b to be the 1st example (to refer to drawing 2 ) the same way, and 
duplication explanation is omitted here. Furthermore, it is good also as a configuration which combined this example, 
the 2nd, or the 4th example. 

[0033] Drawing 8 shows the 6th example of the cooling system conceming this invention. Drawing. 8 (a) is a 
decomposition perspective view, and drawing 8 (b) is a fragmentary sectional view. In the 5th example, although Slots 
12a and 12b and Fins 17a and 17b were formed on the medium plate 1 1 since the refiigerant passage of a cooling 
system was constituted (refer to drawing 7 ), in this example, it is prepared on the opposed face of the cover plates 23a 
and 23b with which they are made to rival by both the principal planes of a medium plate 21 . That is, 24b and 25b are 
prepared in two places which the periphery section of cover plates 23a and 23b meets at breakthrough 24a which 
constitutes the feed hopper and odiaust port of a refiigerant, and 25a list, and two or more fins 27a and 27b are 
constituted by forming Slots 22a and 22b in the part pinched by the above-mentioned breakthrough on the 1 principal 
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plane of cover plates 23a and 23b. Mot^Mr, the semiconductor device 16 is forme Jj^the principal plane connected to 
the medium plate 21 of cover-plate 23a^^d the principal plane of an opposite hand^Blo by such configuration, the 
same operation and effectiveness as the 4th example are acquired. 

[0034] Next, it explains, referring to drawing 1 1 about the mounting structure of the cooling system concerning this 
invention. The sectional view showing one example of the mounting structure of the cooling system which (a) of 
drawing 1 1 requires for this invention, and (b) are the elements on larger scale. 

[0035] The micro channel heat exchanger 44 formed by making channel plate 44a by which two or more formation of 
the slot of several 10-micrometer order which was mentioned above was carried out, and cover-plate 44b which has a 
refrigerant feed hopper and a refrigerant exhaust port rival is thermally connected to the semiconductor chip 43 
connected to the wiring substrate 41 through the solder bump 42. It can attain by pasting a semiconductor chip directly, 
and this thermal connection can make thermal resistance of a contact part sufficiently small, if the micro channel heat 
exchanger 44 is formed with the thermally conductive good ingredient of silicon etc. However, when generating of 
thermal stress etc. is expected, you may connect through inclusion, such as thermally conductive grease. 
[0036] While connecting two or more micro channel heat exchangers 44 which have such mounting structure, the 
refrigerant supply holder 46 which has the refrigerant passage 45 for supplying a refrigerant to each is formed. Although 
it connects with cover-plate 44b by adhesion etc., this refrigerant supply holder 46 may not prepare cover-plate 44b, but 
may connect it to direct channel plate 44a. The passage connected with the refrigerant feed hopper and refrigerant 
exhaust port which were prepared in cover-plate 44b of the micro channel heat exchanger 44 is established in the 
refrigerant passage 46 established in the refrigerant supply holder 46. 

[0037] Thus, the micro channel heat exchanger 44 which is a cooling system is mounted to the semiconductor chip 43 
which is a heating element, and a semiconductor chip 43 is cooled with the refrigerant which flows the refrigerant 
passage 45 in the refrigerant supply holder 46. 

[0038] Since the fiiU flow of a refrigerant can also be made minute while being able to miniaturize the cooling system 
itself like this example, if the micro channel heat exchanger 44 is used, the refrigerant supply holder 46 can also be 
miniaturized, compact mounting of a cooling system is attained, and it becomes possible to realize miniaturization of the 
whole electronic equipment. 
[0039] 

[Effect of the Invention] Since the pressure loss at the time of a refrigerant flowing the inside of the refrigerant passage 
established in the cooling system can be reduced according to this invention as explained above, a refrigerant comes to 
flow the inside of refrigerant passage smoothly, sufficient cooling effect comes to be demonstrated, and it becomes 
possible to prevent destruction of the semiconductor device which is an object for cooHng. 
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* NOTICES * 



Japan Patent 0££iee is not responsible £or any 
damages caused 1:^ the use o£ this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 





[Drawing!] 
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[Drawing 10] 
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